Introduction

Materials and Methods
The estimate of world buffalo population is approximately 185.29 million dispersed in 42 countries, out of which 97% (179.75 million) are found only in Asia [1] . India has approximately 57% (105.3 million) of the total world buffalo population. The water buffalo ( ) contributes immensely to the agricultural economy through milk, meat, hides and draught power [2] . Share of buffalo milk occupies the highest position in Indian dairy industry, contributing about 56% of total milk (110 MT) produced by its varied population which is less than half that of the cattle population [3] . Population size of Murrah is 20.49 million which constitutes 19.45% of the total buffalo population of India [4] . Murrah buffalo is the most efficient milk producer and has better adaptability throughout India [5] . The breeding tract of Murrah buffalo breed comprises of Rohtak, Hisar and Jind districts of Haryana and Nabha and Patiala districts of Punjab in India [6] .
Knowledge of disposal pattern of buffalo males from a herd is important because it aids in making more accurate planning and successful execution of genetic improvement programmes. According to Afzal [7] the mortality in cattle and buffalo calves ranged from 29.1% to 39.8%. Martin and Wiggins [8] estimated that 20% calf mortality resulted in reduction of 38% profit of a livestock farm. Dechow [9] concluded that herd management system and selection of sire with high productive life evaluations was associated with lower mortality.
Reports of disposal pattern in cattle are available, but for Murrah breed of buffalo such information is scanty. Therefore, the present work was taken up to identify and summarize causes of mortality of Murrah Buffalo males from National Dairy Research Institute (NDRI) herd.
Records on 1029 Murrah buffalo males born during the period 1997-2012, at NDRI, Karnal, were collected from Dairy Cattle Breeding Division, Cattle yard and Artificial Breeding Research Center. The collected data were analyzed to study mortality pattern in different age groups. viz., viz.,
The overall percent mortality in 0-1m, 1-2m, 2-3m, 3-6m, 6-18m, 18m-3 yr and >3 year age groups were 17.49, 5.99, 3.34, 5.42, 6.35, 2.59 and 3.93, respectively. The main cause of mortality in 0-1, 1-2, 2-3 and 6-18 m of age groups was respiratory problems (6.61%, 1.79%, 1.06% and 1.97% respectively). Main causes of mortality in age group 3-6 months were general debility (1.57%) followed by respiratory and digestive problems (1.22%), miscellaneous (0.87%), liver and urinary problems (0.17%). Mortality could not reveal any consistent trend across different seasons and period of birth. General debility (1.29%) followed by toxemia, liver problems and miscellaneous reasons were main causes of mortality in age group 18 m -3 yr of age. In males above three years of age, general debility (2.81%) followed by respiratory problems (1.12%) were the main causes of mortality.
Intensive health care and management is required for young male buffalo calves especially in hot humid months of rainy season and cold inclement weather conditions in winter months to minimize mortality due to respiratory and digestive problems.
culling, male calves, Murrah buffalo. age group, mortality pattern, summer, rainy and autumn i.e. S-1 (Dec-Mar), S-2 (Apr-Jun), S-3 (Jul-Sep), S-4 (Oct-Nov) respectively; to assess mortality pattern in different age groups of male calves.
The major reasons of mortality of Murrah buffalo males reported during the study period were 1. Respiratory problems 2. Digestive problems. 3. Liver problems 4. General debility 5. Cardiovascular problems 6. Parasitic problems 7. Toxemia 8. Uro-genital and 9. Miscellaneous. The problems considered under miscellaneous causes were anaemia, congenital anomalies, disposal of carcass, snake bite, peritonitis, babesiosis, actinomycosis, hypothermic shock, osteomyelitis and joint-ill.
The percent of animal disposed from the herd due to different reasons was calculated by proportion using descriptive statistics.
Mortality percent in different season and period of birth and mortality due to various problems in different age group of Murrah buffalo males are presented in Table-1 and 2 . In winter season, respiratory problems were the main causes of mortality emphasizing the need of intensive care of new born calves in this season. Babcock [10] studies on cohorts of U.S. commercial feedlot cattle have found that there was a seasonal pattern in culling and mortality risk in summer (MarchSep) than in winter (Nov-Feb). Main causes of mortality in age group 0-1 months were respiratory problems (6.61%) and digestive problems (5.05%) followed by general debility (1.75%), miscellaneous (1.65%), toxemia (0.97%), liver problem (0.87%), cardiovascular problem (0.49%) and parasitic problem (0.1%). The mortality pattern in 1-2 m age group also revealed that respiratory and digestive problems (1.79%) were the main causes across different seasons and periods. An overall high mortality in younger age groups ., 0-1m, 1-2m, revealed that the calves in these age groups were more vulnerable to inclement weather conditions thereby suggesting the need for intensifying the care and management of young male buffalo calves during this period.
Shimizu and Nagatoma [11] reported that mortality of neonatal calves was attributed to conditions like diarrhoea and pneumonia. Didarkhah [12] had found that pneumonia was the most common infectious disease that contributed to about 43% of disposal. Bangar [13] reported that digestive (1.43%) and nutritional diseases (0.85%) were major causes of mortality of cattle whereas Waldner [14] reported that 25% of deaths were due to nutritional factors. In 2-3 months age group, main causes of mortality were respiratory problems (1.06%) followed by general debility (0.76%), miscellaneous (0.61%), digestive problems (0.46%), toxemia (0.30%), and liver problems (0.30%). Khan [15] reported that mortality rate was statistically influenced by age and found that mortality in buffalo calves was higher during the first three months.
In our study, main causes of mortality in age group 3-6 m were general debility (1.57%) followed by respiratory and digestive problems (1.22%), miscellaneous (0.87%), liver and uro-genital problems (0.17%). More number of cases of mortality was observed during the cold winter months of Dec-March and hot humid months of Jul-Sep. In 6-18 m age group, main causes of mortality were respiratory problems (1.97%) followed by general debility (1.09%) and liver problems (1.09%), uro-genital (0.66%), miscellaneous (0.66%), digestive problems (0.66%) and cardiovascular problems (0.22%). Mortality could not reveal any definite trend across different seasons and period of birth. General debility (1.29%) followed by toxemia (0.65%), liver problems (0.32%) and miscellaneous (0.32%) were main causes of mortality in age group 18 m -3 yr of age. In males above three years of age, general debility (2.81%) followed by respiratory problems (1.12%) were main causes of mortality. In a study on morbidity and mortality rates in bovine in Himachal Pradesh, Chaudhary [16] found highest mortality in calves (21.53%) followed by young stocks (9.35%) and adults (4.73%). They also observed that calves had highest mortality due to poor management problems (16.09%) followed by digestive diseases (2.48%). Mortality was maximum in period-1 (1997-2000) and period-4 (2009-12) which could be due to high mortality in younger age group. Winter season was contraindicated for younger age group as highest mortality occurred during this season and thus more attention is required during this season.
Respiratory and digestive problems were the main causes of death in younger age group while general debility was the main reason of mortality in adult animals ( Table-2 ). Whereas still higher mortality during first month of their age was reported by Patil [17] in Surti buffalo calves (33%) and Pradhan and Panda [18] in Murrah buffalo calves (36.8%). Sasidhar . [19] studied the reasons of culling of Murrah buffaloes and reported that debility and senility accounting for 20.18 & 12.72 percent of disposal. Chhikara [20] in Murrah buffaloes and Ahmad [21] in Nili-Ravi buffaloes reported 8.19 and 22 percent culling due to health-related problems. Rathod [22] estimated mortality as 33.62 % due to digestive disorders, 29.28 % due to respiratory diseases and 17.48 % due to miscellaneous reasons. Taraphder [23] analyzed mortality pattern in Murrah buffaloes and found that digestive problems accounted for 30.89%, cardio-vascular problems for 26.02%, respiratory 21.14%, parasitic diseases 8.13%, uro-genital 5.69% and miscellaneous 8.13 % of the cases. Khan [24] suggested that these health problems need to be evaluated in view of managemental practices followed and remedial measures to be adopted with particular attention towards the plane of nutrition. Blood [25] found that calf mortality was associated with the type of housing, feeding, managemental practices, weather conditions, external and internal parasitic infestation and bacterial infections especially those causing septicemia and enteritis.
Intensive health care and management is the prerequisite for young male buffalo calves especially in rainy season and in winter months to minimize mortality due to respiratory and digestive problems which will facilitate maximizing intensity of selection among males born out of elite matings. Thus, we will be able to increase the availability of males with high genetic merit for progeny testing programmes.
AKG designed the work. PRS conducted study and analyzed the data. AP, SKD and AU helped in compilation of data. MB guided in classification of pattern of mortality. VK and SD helped in writing and revision of the manuscript. All authors read and approved the final manuscript. 
